ABSTRACT Energy consumption problem in wireless communication has attracted a lot of attention because of its ecological and economic benefits. Moreover, the energy consumption problem of wireless communication mainly derives from the base station. As the cellular networks are usually designed to satisfy the peak load but the network load varies with environment, much energy in the system is usually wasted. Many works have been done to improve the energy efficiency, but they have the following problems: 1) the system scenarios they adopted are not very practical-to be specific, not all of the emerging technologies are considered; 2) not all the adjustment schemes, i.e., BS sleeping, antenna switch, and power control, are considered, and; 3) they just consider the traffic fluctuations without other environment changes. Moreover, traffic volume is not obtained in real time but assumed in advance. Therefore, in this paper, we proposed an environment-aware dynamic management scheme in the transformium network architecture. In the scheme, we jointly apply the BS sleeping, antenna switch, and power control to dynamically adjust the network according to the environmental changes. The problem is considered in the multiple-input-multiple-output (MIMO)-based heterogeneous cloud radio access network (C-RAN) and formulated as a mixed integer programming problem. As it is NP-hard, we devise a heuristic algorithm to obtain the sub-optimal solution. The simulation results show that the proposed algorithm outperforms other baseline algorithms in system energy consumption and energy efficiency. The impact of some parameter settings is also analyzed. We set C M th = 1, C P th = 0.5 to achieve the balance between performance and complexity. Moreover, we analyze the BS sleeping strategy and the impact of rainfall.
As described above, besides MIMO, C-RAN and heterogeneous network technologies, we can also utilize the change rules of network load to improve the energy efficiency. Although each of these methods have been studied in existing works, how to jointly consider these methods is still an open issue. Moreover, environmental changes except traffic also have impact on energy consumption and are not considered in the existing works.
B. RELATED WORK
Based on the analyses above, we roughly classify the existing researches into three categories.
1) EMERGING TECHNOLOGIES
The first category of works focus on how to rationally utilize the emerging technologies to improve energy efficiency. As MIMO can both improve energy and spectral efficiency, some works were dedicated to analyzing the tradeoff between them [4] , [5] . Moreover, some other works focused on designing energy-efficient precoding matrix [6] , [7] . C-RAN has many advantages one of which is high energy efficiency. Some related articles proposed to reduce energy consumption through optimizing resource allocation [8] and user association [9] in C-RAN. As good complementary technologies to each other, C-RAN and heterogeneous network often are jointly considered [10] . Specifically, energy-efficient resource allocation in heterogeneous C-RAN was studied in many papers [11] , [12] . However, these works did not consider the variation of network load which is a good option to reduce energy consumption of the network.
2) BS AND CELL MANAGEMENT
The second category of works focus on managing the BS reasonably through utilizing the network load characteristics to reduce energy consumption. As a classic solution, BS sleeping has been studied from multiple perspectives in existing researches. Generally, most researchers switch on/off BS according to its traffic volume [13] - [15] . In other works, the tradeoff between energy consumption and delay [16] , [17] , energy efficient resource allocation [18] and multicell cooperative transmission are also studied in BS sleeping scheme. Niu et al. [19] proposed a concept called cell zooming which improves energy efficiency by not only switching on/off BS but also changing the cell size. Based on this, continuous, discrete and fuzzy methods to realize cell zooming were studied [20] . Moreover, some researchers proposed a new deployment scheme called virtual-cell for cellular network. A virtual cell is composed of a user and a set of access points around the user. Optimal virtual-cell size and its application in C-RAN and large-scale distributed antenna systems were studied in [21] - [23] .
3) JOINT CONSIDERATION OF BS MANAGEMENT AND EMERGING TECHNOLOGIES
The third category of works jointly consider the network load characteristics and emerging technologies to improve energy efficiency. In [24] , Cai et al. proposed to dynamically switch on/off the small BSs to reduce the total energy consumption of 5G heterogeneous network. The solution was derived based on user density which actually is similar to traffic load. Moreover, authors in [25] studied how to manage the remote radio head (RRH) in C-RAN. They first explored the features of traffic and then proposed a traffic-aware RRH switch on/off scheme to save energy.
However, part or all of following problems exist in these works. First, the system scenarios they adopted are not very practical. To be specific, not all of the technologies (MIMO, C-RAN and heterogeneous network) are taken into consideration. Second, not all the adjustment schemes, i.e., BS sleeping, antenna switch and power control are considered. Third, they just consider the traffic fluctuations without other environment changes. Moreover, traffic volume is not obtained in real-time but assumed in advance. Therefore, in this paper, we study how to jointly apply BS sleeping, antenna switch and power control to manage the BS according to environment changes in MIMO-based heterogeneous C-RAN.
C. CONTRIBUTIONS
In this paper, we propose an environment-aware dynamic management scheme to adjust the BS according to environmental changes. In this scheme, we make some modifications to address the defects in existing works. To be closer to future network deployment, we consider a MIMO-based heterogeneous C-RAN instead simple single-layer network. BS sleeping, antenna switch and power control are jointly applied to realize the dynamic management of BS. Moreover, we believe that future network should dynamically change its configurations according to environment changes to achieve better performance. Following this point of view, we proposed the transformium network architecture in [26] . In this architecture, due to the existence of its environment sensing module, environment changes can be sensed in real-time. In this paper, the BS management problem in the transformium network architecture is solved. We summarize the contributions of this paper as follows.
• We focus on improving energy efficiency in a MIMO-based heterogeneous C-RAN which is more practical than the system scenarios considered in the existing works.
• We construct a energy consumption model of this system. Based on this, we formulate the problem as a mixed integer programming problem. As it is NP-hard, we devise a heuristic algorithm which jointly consider BS sleeping, antenna switch and power control to get the sub-optimal solution.
• Simulations are implemented to analyze the performance of proposed algorithms. Numerical results show that proposed scheduling algorithms achieves higher energy efficiency than all the baseline algorithms. In addition, BS sleeping strategy and the impact of parameter settings and rainfall are also analyzed.
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The remainder of this paper is organized as follows. System model is introduced in Section II. Energy consumption model and problem formulation is described in Section III. Next, we present a heuristic algorithm in Section IV. Simulation results and performance analysis are described in Section V. Finally, we conclude the paper in Section VI.
II. SYSTEM MODEL
To improve the energy efficiency, spectral efficiency and flexibility, we proposed a new architecture called. transformium 1 network This paper is conducted in this architecture. In this section, we first present the architecture mentioned above. Then, we introduce the detailed system scenario.
A. TRANSFORMIUM ARCHITECTURE
The proposed architecture consists of three major parts: transformium core, body and cloud, where the transformium core is logically centralized control plane and the transformium body and cloud are data plane. The whole network can transform into other forms based on environmental changes under the management of control plane. Environment sensing module is included in the control plane to detect environmental changes. Moreover, emerging technologies such as network virtualization, software defined network, MIMO and C-RAN are utilized to realize such transforming ability. More detailed introduction to transformium network architecture can be seen in our previous work [26] . The transforming ability of transformium network consists of BBU transformation and RRH transformation. In this paper, we focus on devising a environment-aware dynamic management scheme to realize the transforming ability of RRH.
B. SYSTEM SCENARIO 1) SYSTEM MODEL As shown in Fig. 1 , we consider a two-tier heterogeneous cellular network in which a macrocell is overlapped with several picocells. As C-RAN architecture is adopted, baseband processing of macrocell and picocells are centralized in the BBU pool. This architecture provides convenience for inter-cell communication and cooperation. Moreover, each cell is equipped with multiple antennas. For simplicity, we assume that zero-forcing method and water-filling algorithm are applied to get precoding matrix and power allocation. We also assume that perfect channel state indicator (CSI) can be obtained through the environment sensing module. In a word, we consider a MIMO-based heterogeneous C-RAN which is much more practical than previous works.
We use the set M(1 . . . , m, . . . M ) to denote M picocells in the system. The macrocell has N 1 antennas which are denoted as N M (1 . . . , n 1 , . . . N 1 ). Each picocell has N 2 1 Inspired by the movie ''Transformers'', we introduced the concept ''Transformium''. It can transform into any thing you want. We believe that future network should also has the transforming ability. Therefore, we name the proposed network architecture ''Transformium Network Architecture''. Detailed explanation can be seen in our previous work [26] . We assume that macrocell and picocell users are uniformly distributed in their cells respectively. The set of users in macrocell and picocell m are denoted by U M , U m respectively. Moreover, user density of picocell is higher than macrocell. All the users are equipped with single antenna.
From the perspective of proposed architecture, the picocells and macrocell are the transformium body while the centralized BBU pool is the transformium cloud. Different from this, the transformium core is distributed in different parts of the network. Specifically, in the environment sensing module, the environmental information is acquired in users and RRHs and processed in the BBU pool. Moreover, the centralized BBU pool is also responsible for the virtualization of the whole network. According to the environmental information acquired, the BBU pool virtualizes and allocates the resources to different virtual networks. After the virtual networks are constructed, the management and controlling of each virtual network are still realized in the BBU pool. In this paper, we do not focus on the BBU transformation but the RRH transformation. To realize the RRH transformation, we dynamically manage the network based on environmental information which also improves the flexibility and energy efficiency of the system.
2) ENVIRONMENTAL CHANGES
As described above, there is an environment sensing module in the transformium network architecture. This module can construct the environment map through obtaining and analyzing the environment information. As we discussed in [26] , environment information are classified into five types which are user's location and speed, group characteristics, service features, channel characteristics and base station deployment. Energy efficiency related environmental changes are considered in this paper and the others are ignored. Specifically, from the perspective of demand, user traffic variation will lead to overall traffic volume changes. From the perspective of transmission, overall channel changes of all users will also lead to energy consumption changes. Consequently, related environmental changes are classified into two categories. The first category is the temporal and spatial variation of traffic which is caused by traffic demand change and movement of all users. The second category is the overall channel changes which may be caused by weather and the communication scenario changes.
With the help of environment sensing, the system can detect the traffic variation and channel changes caused by these environment changes. Based on these information, more accurate BS management can be achieved. As a result, we can avoid the situation that users are not satisfied with the communication service. Moreover, energy waste can also be avoided which leads to higher energy efficiency. In the following, we first introduce these two categories of environment changes in detail.
3) TRAFFIC MODEL
In this paper, we consider manage the BS according to its downlink traffic. As traffic variation of a single user has little influence on BS management, we pay attention to the traffic volume of BS rather than a single user. Referring to [3] , the overall traffic volume of BS follows certain change rules. Specifically, there are five traffic patterns which map to five types of geographical areas including resident area, transport area, office area, entertainment area and comprehensive area. In this paper, we assume that the traffic of picocells in residential area follows the residential pattern and the traffic of picocells in office area follows the office pattern. Moreover, the traffic of macrocell follows the comprehensive pattern. As shown in Fig. 2 , we display the normalized traffic volume variation of different traffic patterns in a day. As the traffic patterns are statistical result and do not have theoretical expression, we obtain them by applying piecewise curve fitting to the results in [3] . Moreover, when we use these patterns, the actual traffic volume is the normalized traffic volume multiplied by peak traffic volume. In this paper, the peak traffic volume of macrocell, residential picocell and office picocell are 60, 30, 30 Mbps respectively.
4) WEATHER CHANGE
In addition to traffic volume variation, we also consider the weather change which influences the channel conditions. With the use of high frequency band (C-band) in future cellular network, special weather like rain, snow, haze and sandstorm will degrade the channel quality and attenuate the received power. In this paper, we take the rain as an example to study the impact of special weather on wireless communication. Referring to [27] , the attenuation caused by rainfall can be calculated by
where P 0 (L) is the received power without attenuation by rainfall, P(L) is the received power and k(s) (dB/km) is the specific attenuation due to rainfall as a function of the distance along the link s (km). Specifically, the relation between rain density R and k is expressed as
According to Eq. (1) and (2), we can calculate the attenuation by rainfall when the rain density R is already known. Moreover, from this two equations, we can see that rainfall will degrade channel quality and thus decrease the system capacity. As a result, we need to consider the weather change to avoid not being able to meet user demands.
III. PROBLEM FORMULATION A. ENERGY CONSUMPTION MODEL
Referring to the existing energy consumption models in multiple antennas system [28] and heterogeneous C-RAN [11] , we propose a new model that is suitable for our system. Assuming that all the antennas is on, the energy consumption of macrocell is
where P Mt , η 1 are the transmit power and power amplifier efficiency of macrocell respectively. P M a is the dynamic generated by each antenna power of macrocell which does not belong to transmit power. P M c is the static power of macrocell which has nothing to do with transmit power and the number of antenna. P Mfh is the power consumption of macrocell fronthaul. The energy consumption of picocell m is
where P Pt m , η 2 are the transmit power and power amplifier efficiency of picocell m respectively. P P a is the dynamic power consumed by one antenna of picocell minus its transmit power. P P c is the static power of picocell m which is VOLUME 7, 2019 irrelevant to the transmit power and the number of antenna. P fh is the power consumption of picocell m fronthaul. Taking the on/off state of picocell and all the antennas into consideration, the total energy consumption of the system can be calculated as
From the composition of the equation above, we can see that the influence factors of system energy consumption are the on/off state of picocells and all the antennas, transmit power and the circuit power of picocells and macrocell. The circuit power is not considered in this paper as it is hardware related.
Other factors are considered and correspond to BS sleeping, antenna switch and power control methods respectively. As a consequence, we propose to jointly apply these methods to adjust the system.
B. SYSTEM CAPACITY
We use the set K(1 . . . , k, . . . K ) to denote all the users in the system. In our system, the centralized BBU pool can know the channel information of all users which are obtained by environment sensing module. Although dirty paper coding can achieve higher transmission rate [29] , it requires the data sharing between coordinated BSs which is difficult to realize. As a result, we apply the zero-forcing method to realize coordinated beamforming among cells and get the precoding scheme. Based on this, the transmission rate of user k (associated with BS j) can be calculated as
where H jk is the channel matrix between BS j and user k, W k , B k are the precoding matrix and downlink bandwidth of user k respectively, P k is the downlink transmit power of user k obtained by water-filling algorithm and σ 2 k is the noise variance of Gaussian channel. We use C M and C m to denote the system capacity of macrocell and picocell m. As a result, C M and C m can be expressed as
From the equations above, we can see that the influence factors of system capacity consist of system bandwidth, BS number, antenna number, power allocation and channel condition. The interference is eliminated by zero-forcing precoding. Besides, as the focus of this paper is the management of RRHs not the baseband resource allocation, we assume that users in the same cell are allocated same bandwidth. BS number, antenna number and power allocation are controlled by system while channel condition is affected by external environment. Therefore, in this paper, we focus on dynamically manage the system by BS sleeping, antenna switch and power allocation to address the environmental changes like traffic fluctuation and weather change. In the following, we formulate this problem as an optimization problem.
C. PROBLEM FORMULATION
As network is deployed to satisfy the peak load, we assume that the maximum system capacity can meet the user traffic demands all the time in our system. It is worth noting that the macrocell is used to guarantee the coverage of all users and cannot be switched off. In summary, the problem is how to jointly utilize BS sleeping, antenna switch and power control methods to address environmental changes and minimize the system energy consumption under the constraint that user demands are satisfied. Actually, this problem can also be seen as maximizing energy efficiency while guaranteeing the sum rate requirements. Based on these analyses, the problem is formulated as:
where A is the vector of a m . Similarly, B is the vector of b n 1 , b mn 2 and P t is the vector of P Mt , P Pt m . Moreover, P M max and P P max are the maximum transmit power of macrocell and picocell respectively. We assume the maximum transmit power of all picocells is the same. R avg and R avg m are the sum transmission rate demand of macrocell and picocell m respectively. Specifically, from these expressions we can see that the objective is to minimize the system energy consumption and the optimization variables are a m , b n 1 , b mn 2 , P Mt , P Pt m . The maximum transmit power constraints of macrocell and picocells are guaranteed by Eq. (10) and (11) respectively. Eq. (12) and (13) ensure that the user transmission rate demand of macrocell and picocells are satisfied. Moreover, the value ranges of a m , b n 1 , b mn 2 are guaranteed in Eq. (14) . It is worth noting that R avg , R avg m are defined as the average rate demand in the period from present time t to t + t 0 . Moreover, this two parameters can be obtained through environment sensing module.
IV. PROPOSED ALGORITHM
As we can see from the problem formulation, a m , b n 1 , b mn 2 are discrete variables and P Mt , P Pt m are continuous variables. Therefore, this problem is a mixed integer programming problem which is NP-hard. As the optimal solution of NP-hard problem cannot be obtained through optimization method, we focus on devising a heuristic algorithm to get the sub-optimal solution.
A. ALGORITHM DESIGN
We assume that all the BSs are optimized when the system is initially started. When specific conditions are met, BSs will adjust its state. In this paper, we apply a traffic-triggered strategy. In this strategy, macrocell will be adjusted when its traffic variation is larger than C M th . Besides, for picocell, the threshold is C P th . Moreover, in each adjustment, capacity of each BS is set to be δ more than predicted traffic volume. With such redundancy, we can guarantee users' demands still be satisfied if unpredictable things happen or traffic prediction is not accurate. Based on these analyses, we devise heuristic algorithms to realize BS dynamic adjustment as shown in Algorithm I and II. Algorithm II is used to adjust the state of a specific BS while algorithm I is used to adjust all the BSs in the system based on algorithm II.
Algorithm 1 System Optimization Algorithm
Proceed the initial optimization of all BSs. 5:
Calculate the traffic variations of macrocell and all In algorithm I, we assume the system uptime is T . If t = 1, all the BSs will be initially optimized. Otherwise, all the BSs will be adjusted according to the traffic variation. Specifically, if the traffic variation of macrocell C M = R avg − C M is larger than the threshold C M th , the state of macrocell will be optimized through algorithm II. Moreover, we will sort all the picocells according to their traffic volume in ascending order. Then picocells whose C s i is larger than C P th will be optimized in turn. On the one hand, open picocells whose traffic volume is low will be closed first. On the other hand, closed picocells whose traffic volume is low will maintain its Decrease the offloaded traffic of macrocell.
30:
end if 31: end if 32: end if current state and offload its traffic to macrocell. Therefore, picocells with low traffic will be placed in front and addressed first.
In algorithm II, we introduce how to adjust a specific BS in detail. As macrocell is used to provide full coverage of the target area, it cannot be switched off. Therefore, we devise different adjustment strategies for macrocell and picocells. On the one hand, for macrocell, we find the best solution of antenna switch and power allocation directly. However, if VOLUME 7, 2019 it cannot satisfy the increased traffic, we need to find the picocell with highest offloaded traffic and return its traffic first. On the other hand, for picocell, we need to determine whether it needs to be switched on/off first. Specifically, if the picocell is switched off and its traffic is increasing, we need to determine if this picocell needs to be switched on. If macrocell can still satisfy the increased traffic, we will offload the traffic of this picocell to macrocell and keep the picocell off to reduce energy consumption. Otherwise, we switch on the picocell and find the best solution of antenna switch and power allocation. In the other case that the picocell is switched on and its traffic is decreasing, we need to determine if this picocell needs to be switched off. If macrocell can satisfy the current traffic of picocell, we switch off the picocell and offload all the traffic to macrocell to reduce energy consumption. Otherwise, we keep the picocell on and find the best solution of antenna switch and power allocation. If the picocell is switched off and its traffic is decreasing, we should decrease the offloaded traffic of macrocell as all the traffic of this picocell has been offloaded to macrocell.
B. ALGORITHM COMPLEXITY ANALYSIS
In this subsection, complexity analysis of proposed algorithm is presented. In Algorithm II, to find the optimal solution of antenna switch and power allocation, we need to obtain all the feasible solutions when different number of antennas are switched on first. Then the solution with minimum energy consumption will be chosen as the optimal one. Therefore, the complexity of finding the optimal solution of antenna switch and power allocation is O(N 1 ) (for macrocell) or O(N 2 ) (for picocell). For macrocell, return the offloaded traffic entails M operations. As a result, the total complexity of Algorithm II is O(M + N 1 ) (for macrocell) or O(N 2 ) (for picocell). In Algorithm I, as the bubble sort is adopted, the complexity of sorting all the picocells is O(M 2 ). The complexity of each adjustment of macrocell and all the picocells are O(M + N 1 ) and O(M 2 + MN 2 ) respectively. Therefore, in each timeslot, the total complexity of the adjustments of all BSs is O(N 1 + M 2 + MN 2 ) which proves the proposed scheme to be a polynomial time algorithm.
V. PERFORMANCE ANALYSIS
In this section, much simulation work is done to analyze the performance of proposed algorithm. First, we compare the proposed algorithm with some baseline algorithms in term of energy consumption and energy efficiency. Second, we simulate the impact of algorithm parameters setting. Finally, BS sleeping strategy and the impact of channel changes are also analyzed.
A. SIMULATION SETUP
In the heterogeneous cellular network scenario, we consider a macrocell overlaid with some picocells. In the macrocell, we set two hot areas which consist of one residential area and one office area. In each hot area, 7 picocells are deployed to provide communication services. The maximum transmit power of macrocell and picocell are 46dBm and 30dBm respectively. The noise power spectral density is set to −174dBm/Hz. We consider the energy consumption in the downlink which have 5MHz bandwidth. The path loss in this paper is calculated by L(d) = 15.3 + 37.6 lg(d) where d in meter is the distance between the BS and the user. The macrocell is equipped with 20 antennas while each picocell is equipped with 4 antennas. In the energy consumption model of macrocell, η 1 , P M a are set to be 0.5 and 83W. As P M c and P Mfh both are constant, we set their sum to be 45.5W. Similarly, in the energy consumption model of picocell, η 2 , P P a , P P c + P fh are set to be 0.5, 60W and 30W respectively. Unless otherwise indicated, the value of C M th , C P th are set to be 1Mbps and 0.5Mbps respectively. Moreover, we assume the rain with the density R = 14mm/h lasts from 10am to 3pm. We can obtain that k = 4 according to Eq. (2) and then calculate the attenuation by rain according to Eq. (1).
B. SIMULATION RESULTS

1) PERFORMANCE OF PROPOSED ALGORITHM
To evaluate the performance of proposed algorithm, we compare it with two baseline algorithms. As BS sleeping and power control are usually considered in existing works, we assume that baseline-1 algorithm only applies BS sleeping strategy while baseline-2 algorithm applies BS sleeping and power control. As shown in Fig. 3 , the performances in terms of energy consumption in one day are compared among different algorithms. We can see that the proposed algorithm consume less energy than other two baseline algorithms. As BS sleeping, antenna switch and power control are jointly applied in the proposed algorithm, more sophisticated adjustment can be achieved when environmental changes happen and thus achieve less energy consumption. Moreover, As shown in Fig. 4 , we also compare the performance in terms of energy efficiency among different algorithms. We can see that the proposed algorithm achieves higher energy efficiency. In addition, the performance difference in energy efficiency is larger when the network traffic load is low. This is also caused by sophisticated adjustment in the proposed algorithm as we analyzed above. In a word, we can draw an conclusion that application of antenna switch can improve energy efficiency of our system, especially when network traffic load is low.
2) IMPACT OF PARAMETERS
To analyze the impact of C M th and C P th in the algorithm, we draw the performance curve of algorithms with different parameter settings. As shown in Fig. 5 , we simulate three conditions: C M th = 0.5, C P th = 0.25, C M th = 1, C P th = 0.5 and C M th = 2, C P th = 1. We can see that the smaller the parameter value, the better the algorithm performance. Moreover, performance of algorithm with C M th = 1, C P th = 0.5 is much better than C M th = 2, C P th = 1 and algorithm with C M th = 0.5, C P th = 0.25 is slightly better than algorithm with C M th = 1, C P th = 0.5. The complexity of algorithm is actually proportional to the total adjustment number of macrocell and picocells. Therefore, as shown in Table 1 , we record the adjustment number of macrocell and picocells to measure the complexity of algorithm with different parameter settings. We can see that algorithm with C M th = 0.5, C P th = 0.25 needs to adjust the state many more times than the algorithm with C M th = 1, C P th = 0.5 to improve a little performance. Therefore, C M th = 1, C P th = 0.5 is adopted in our simulation. Another thing to notice is that we can use smaller parameters to improve algorithm performance if the processing capacity is enough.
3) ANALYSIS OF BS SLEEPING
In order to figure out in what conditions are the picocells switched off, we record the traffic volume of picocells which are determined whether it can be closed. Moreover, as the traffic of closed picocells are offloaded to macrocell, we also record the traffic volume of macrocell. As shown in Fig. 6 , blue circles are the records of closed picocells and red crosses represent the unclosed picocells. Observing the distribution of these sample points, we draw a curve as the boundary between two different kinds of points. Due to the existence of static power, switch on picocell when its traffic volume is little leads to low energy efficiency. Therefore, picocells whose traffic is little are switched off and their traffic are offloaded to macrocell. When the traffic volume approaches the maximum capacity of BS, increasing energy consumption just brings little improvement of capacity which also leads to low energy efficiency. As a result, we do not close picocell when the traffic volume of macrocell is high. These two reasons explains the change trend of boundary. Moreover, it is worth noting that the energy consumption is the same whether the picocell is switched off or not if current situation belongs to the boundary. 
4) IMPACT OF CHANNEL CHANGES
In addition to the traffic volume variation, we also want to analyze the impact of channel changes caused by rainfall. As shown in Fig. 7 , we simulate the energy consumption in the system with and without environment sensing. We can see that the system with environment sensing consumes more energy than that without environment sensing in 10-15 o'clock which is also the rain time. Moreover, we also compare the traffic volume in the system with and without environment sensing. In the system without environment sensing, the degradation caused by rainfall cannot be detected. As a result, the system cannot respond accordingly and thus the user demand cannot be satisfied in the rain time. This conclusion can be verified in Fig. 8 . On the contrary, in the system with environment sensing, more energy have to be consumed to address the channel degradation and satisfy the user demands. Moreover, as shown in Fig. 9 , we also compare the energy efficiency in the system with and without environment sensing. We can see that energy efficiency is lower in the system with environment sensing. The network load is high in 10-15 o'clock and rain makes the load heavier. As we mentioned above, when the network load is high, increasing energy consumption just brings little improvement of capacity and thus decreases energy efficiency. It is worth noting that if the environment changes that can improve the channel condition happen, the system with environment sensing can achieve higher energy efficiency than the system without environment sensing. Therefore, the system with environment sensing performs better than that without environment sensing in user satisfaction degree and energy efficiency.
Similar to rainfall, other special weather like snow, haze and sandstorm also degrade the channel quality and decrease users' satisfaction. With the help of environment sensing, the system can detect the weather condition and then improve system capacity to satisfy users' demands.
VI. CONCLUSION
In this paper, we propose a dynamic management scheme in MIMO-based heterogeneous C-RAN to address environmental changes and reduce energy consumption. Aiming at the deficiency of existing works, we consider a two-layer heterogeneous network and adopt the MIMO and C-RAN technology to improve energy efficiency. First, we refer to existing works and construct the energy consumption model of MIMO based heterogeneous C-RAN. Then we formulate the problem and devise a heuristic algorithm which jointly apply BS sleeping, antenna switch and power control to solve this problem. Finally, simulations are implemented to evaluate the proposed algorithm. Simulation results show that the proposed algorithm can achieve lower energy consumption. Moreover, application of environment sensing can make the system address the environmental changes better.
Through the study of environment-aware dynamic management, the transforming ability of RRH is realized which facilitates the implementation of the transformium network architecture.
